The approach of all ophthalmologists, diabetologists and general practitioners seeing patients with diabetic retinopathy should be that good control of blood glucose, blood pressure and plasma lipids are all essential components of modern medical management. The more recent data on the use of fenofibrate in the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) and The Action to Control Cardiovascular Risk in Diabetes (ACCORD) Eye studies is reviewed. In FIELD, fenofibrate (200 mg/day) reduced the requirements for laser therapy and prevented disease progression in patients with preexisting diabetic retinopathy. In ACCORD Eye, fenofibrate (160 mg daily) with simvastatin resulted in a 40% reduction in the odds of retinopathy progressing over 4 years, compared with simvastatin alone. This occurred with an increase in HDL-cholesterol and a decrease in the serum triglyceride level in the fenofibrate group, as compared with the placebo group, and was independent of glycaemic control. We believe fenofibrate is effective in preventing progression of established diabetic retinopathy in type 2 diabetes and should be considered for patients with pre-proliferative diabetic retinopathy and/or diabetic maculopathy, particularly in those with macular oedema requiring laser.
Introduction
Diabetic eye disease affects up to 50 million people worldwide, and its prevalence is projected to double by 2025 in the absence of better therapeutic preventive strategies. In developed countries, diabetic retinopathy (DR) is the leading cause of vision loss in adults of working age (20-65 years), 1 and substantially impacts on the patient quality of life. 2 In the United Kingdom, retinopathy affects about 40% of people with diabetes and nearly 20% have retinopathy at the time of diagnosis of type 2 diabetes. 3 Prevalence and severity of diabetic retinopathy seem to be higher in some ethnic groups, specifically in those of Hispanic, Afro Caribbean, [4] [5] [6] or Indo-Asian origin. 7 These data suggest that the burden of diabetic eye disease may be even greater in rapidly developing regions.
Pathogenesis of diabetic eye disease
Microangiopathy and capillary occlusion underlie the pathogenesis of DR. 8 Together, these lead to microvascular leakage and breakdown of the blood-retinal barrier, resulting in retinal haemorrhage, exudates and oedema, as well as the development of macular oedema. In addition, microvascular occlusion and ischaemia give rise to 'cotton wool' spots, capillary changes, arteriovenous shunts, and neovascularisation. An increase in the level of vascular endothelial growth factor (VEGF) is probably one of the major angiogenic factors implicated in the pathogenesis of DR. 9 
Management priorities
Early identification and treatment are key priorities for reducing the morbidity of diabetic eye disease. However, although evidence supports the benefit of laser therapy, such treatment is not completely effective. 10 Medical management of risk factors, specifically intensive control of glycaemia and blood pressure, is important in the prevention of DR. There is evidence to support intensive control from major prospective studies, such as the United Kingdom Prospective Diabetes Study (UKPDS). 11, 12 In the UKPDS, the risk of microvascular complications in type 2 diabetes was shown to be associated, independently, and additively, with hyperglycaemia and hypertension, with risk reductions of 37% per 1% decrement in glycated haemoglobin (HbA1C) and 11% per 10 mm Hg decrease in systolic blood pressure. Angiotensin-converting enzyme blockade (ACE inhibition) has been specifically studied with the basic premise that ACE inhibition has additional benefits on diabetic retinopathy specific to this group of drugs that are independent of blood pressure effects. In the DIRECT study (reviewed in Wright and Dodson 13 ) 5 years of candesartan treatment in type 1 diabetes reduced the incidence of retinopathy by two or more steps (EDTRS) in severity by 18% and, in a post-hoc analysis, reduced the incidence of retinopathy by three step progression by 35%. In type 1 diabetes patients, there was no effect on progression of established retinopathy. In contrast, in type 2 diabetes, 5 years of candesartan treatment resulted in 34% regression of retinopathy. Importantly, an overall significant change towards less-severe retinopathy was noted in both type 1 and 2 diabetes.
Whether further improvement and tighter control of proven risk factors provide greater benefit is controversial, and has been addressed by The Action to Control Cardiovascular Risk in Diabetes (ACCORD) and ADVANCE studies described later. Consensus based on the available evidence is that achievement of recommended targets for HbA1c and blood pressure ameliorate but do not eliminate the risk of diabetic retinopathy, suggesting the need to target other potential risk factors that may be implicated in the pathogenesis of diabetic retinopathy. It is therefore vital that other therapeutic targets are considered for potential benefit in the treatment and prevention of diabetic retinopathy.
More recent developments include the use of intravitreal injection of VEGF inhibitors, such as ranibizumab (Lucentis, Novartis Pharmaceuticals UK Ltd, Camberley, UK ) and pegaptanib (Macugen, Pfizer Ltd, Tadworth, UK). Ranibizumab has shown extensive trial data of benefit in diabetic macular oedema for example in the large DRCR.net 14 and bevacizumab, unlicensed for ocular use, showed improved outcomes in patients with macular oedema compared with laser therapy in the smaller BOLT study. 15 Other trials of new medical therapies have focused on blockade of the protein kinase C pathway (ruboxistaurin) showing an effect with reduction of laser treatment and visual loss in patients with diabetes with maculopathy, 16 such that this agent has an approvable letter from the US FDA while further trial data are completed.
Do lipids have a role?
Patients with combined dyslipidemia, but not familial hypercholesterolaemia, have an increased incidence of retinal abnormalities. This suggests that elevated cholesterol and triglycerides may be implicated in the development of retinovascular lesions occurring in diabetic retinopathy (for example, haemorrhage and cotton-wool spots). 17 Evidence from observational studies has also supported a link between serum lipids and diabetic eye disease. Elevated total and low-density lipoprotein (LDL) cholesterol levels, and triglycerides were associated with progression of retinopathy, proliferative retinopathy, 18, 19 and the development of macular oedema. 20 Besides, a high total to high-density lipoprotein (HDL) cholesterol ratio and elevated LDL cholesterol were each associated with the development of clinically significant macular oedema. 21 Furthermore, measurement of lipoprotein subclass using nuclear magnetic resonance showed positive associations between the severity of retinopathy and triglyceride levels, and LDL particle concentration and apolipoprotein B levels (a constituent lipoprotein of very-low density, intermediate-density lipoproteins, and LDL), and a negative association with HDL cholesterol. 22 
Statins and fibrates
Lipid lowering may be another approach to reduce diabetic retinopathy endpoints, 23 particularly for macula oedema and exudation. The possibility of an effect of statins has been investigated over the last 10 years with early encouraging results in small studies of macular oedema and exudates. 24 Larger studies of statins for example CARDS, 25 which included 2838 patients over a median follow-up of 3.9 years, showed that atorvostatin 10 mg daily resulted in a trend to reduction of laser therapy compared with placebo, but no influence on diabetic retinopathy progression. Thus, the influence of statins on diabetic retinopathy continues to be debated and better evidence on the effects of larger doses of statins are required but, if there is an effect of statins, it is likely to be small. 26 Similarly early clinical studies showed a benefit using fibrates in patients with diabetic maculopathy, with a reduction in retinal and macular exudation. [27] [28] [29] Two randomised controlled trials of fenofibrate have confirmed benefit in established retinopathy (Table 3) .
FIELD study
In the important Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) 30 study fenofibrate reduced the requirements for laser therapy in patients with pre-existing retinopathy (numbers need to treat (NNT) to avoid first laser 17) and prevented disease progression (NNT 9) in patients with pre-existing retinopathy. These benefits did not seem to be related to changes in lipids, as there were no reported clinically relevant differences in mean plasma HDL cholesterol or triglyceride concentrations in those lowered or not. This study with its methodological issues, conclusions, and clinical implications has been previously reviewed for this journal. 23 ACCORD EYE studiesFglycaemic control, blood pressure and lipid lowering
Further evidence is now available on the value of the management of dyslipidaemia on diabetic retinopathy from the ACCORD Eye study. 31 This was a subgroup of 2856 patients within the main study of the ACCORD 32,33 study of patients with type 2 diabetes selected for increased cardiovascular risk. In this study, the effects on cardiovascular outcomes of (1) Intensive glycaemic control (target HbA1c o42 mmol/mol) was compared with standard control (target HbA1c 53-63 mmol/l) using metformin, sulphonylurea or meglitinides, rosiglitazone, acarbose, and insulin. (2) Intensive blood pressure control, systolic blood pressure o120 mm Hg, was compared with standard control o140 mm Hg in the context of good glycaemic control, using all the standard hypotensive medications. (3) Lipid management in the context of good glycaemic control using simvastatin (20 mg daily for primary prevention and 40 mg daily for secondary prevention) in all patients with the addition of fenofibrate or placebo. Fenofibrate 160 mg daily was used, if GFR was Z50 ml/min and 54 mg daily and 30-o50 ml/min and was discontinued, if GFR fell to o30 ml/min.
The subgroup had seven-field retinal photographs at baseline and at 4 years. In summary, at the end of the study the rates of progression of diabetic retinopathy were significantly reduced in the intensive glycaemic control group and in the fenofibrate group, but not in the intensive blood pressure control group (Tables 1 and 2 ).
Glycaemia and blood pressure in ACCORD. Attempts to achieve normal plasma glucose concentrations and blood pressure levels are logical conclusions of much of the trial evidence showing benefits of reducing glucose and blood pressure. However, the safety of pursuing such intensive therapy for glycaemic control has been questioned, 34 not from an ophthalmic point of view, but from increased hypoglycaemia and cardiovascular events. In the ACCORD study hypoglycaemia requiring third party assistance was increased from 3.5-10.5% (Po0.001), and there was an increased rate of death from any cause (4.0 vs 5.0%). The main glycaemia trial was therefore stopped early after a mean 3.5 years follow-up, potentially underestimating the reported effect of glycaemia treatment on diabetic retinopathy. It was of interest that it was the median times from the onset of severe hypoglycaemia to the first major macrovascular event, the first major microvascular event and death that were significant different in the intensively treated group, with no relationship being found between repeated episodes of severe hypoglycaemia and vascular outcomes and death. It should be noted that thiazolidinediones were widely prescribed in the ACCORD study (92% in the intensive-therapy group vs 58% in the standard therapy group). Similar findings were noted in the ADVANCE study 35 of intensive glycaemic therapy in type 2 diabetes based on sulphonylureas with less than 20% use of thiozolidinediones, in which a mean glycated haemoglobin level of 48 mmol/mol (6.5%) was achieved in the intensive-control group compared with 56 mmol/mol (7.3%) in the standard-control group. Severe hypoglycaemia, although uncommon, was more common in the intensive-control group (2.7, vs 1.5% in the standard-control group; hazard ratio, 1.86; 95% CI, 1.42 to 2.40; Po0.001). The incidence of combined major macrovascular and microvascular events (18.1, vs 20.0% with standard control) was reduced. Good glycaemic control remains an important aim, but these results have modified current advice on glycaemic control in those with established cardiovascular disease and in older subjects where less strict targets should be set.
A surprising result of the ACCORD Eye study was the failure to demonstrate a significant effect of intensive blood pressure control on the progression of retinopathy. It is possible that the median systolic pressure of 133 mm Hg in the non-intensive treatment group was an effective level for preventing progression or that the duration of follow-up was insufficient.
Lipids in ACCORD Eye study. The important finding of the ACCORD Eye study with regard to diabetic retinopathy confirms the new therapeutic approach of lipid-lowering therapy with fenofibrate in combination with a statin, as had been suggested in the previous FIELD study.
An impressive 40% reduction in the odds of having progression of retinopathy over 4 years conveyed by fenofibrate (160 mg formulation/day), compared with simvastatin alone, is an important finding. This occurred with an increase in HDL-cholesterol and a decrease in the serum triglyceride level in the fenofibrate group, as compared with the placebo group, being noted in the first year of treatment and maintained through to the end of the study. In ACCORD Eye the effect of fenofibrate was independent of glycaemia. No data are available to indicate which features of retinopathy progressed and whether any evidence of regression was noted, which is important in clinical practice to guide which patients may be specifically benefited. The ACCORD Eye trial results are in agreement with the FIELD study that previously reported a protective effect of fenofibrate, with significant reduction of laser treatment of 40% for both diabetic retinopathy or maculopathy. In earlier trials with clofibrate and gemfibrozil there were concerns about rhabdomyolysis, and a retrospective cohort study showed an incidence rates ratio of rhabdomyolysis of 3.75 for combination therapy compared with statin alone, 36 but importantly in both the FIELD and ACCORD Eye studies, prescription of fenofibrate with a statin was safe and rhabdomyolysis was not increased. Fenofibrate reduced albuminuria and slowed eGFR loss in the FIELD trial, despite and initial, reversible rise of plasma creatinine of 10.0 mol/l.
In interpreting these two studies and their clinical implication, it must be noted that DR was not the primary endpoint by design in either study, a tertiary endpoint in FIELD, and DR endpoints recorded in a substudy cohort of the ACCORD study population. Nevertheless, a suitable number of patients were studied over a reasonable length of time.
Mechanism of function of fenofibrate
The mechanism of function of fenofibrate in reducing progression of diabetic retinopathy is unclear. Fibric-acid derivatives, which are peroxisome proliferator-activated receptor a (PPARa) agonists, have beneficial effects on lipid profiles, including lowering triglycerides and increasing HDL-cholesterol. PPARa has become a therapeutic target in diabetic vascular damage. 37 Fenofibrate has been shown to improve endothelial dysfunction in patients with type 2 diabetes with dyslipidemia. 38 Fenofibrate probably has direct anti-inflammatory effects including the modulation of the expression of several cytokines and adhesion molecules and anti-atherosclerotic effects. 39 Fenofibrate has been shown to potently induce a sustained activation of AMP-activated protein kinase (AMPK) and vascular endothelial growth factor (VEGF) mRNA expression in human retinal endothelial cells in vitro. In the experiment compound C, a specific AMPK inhibitor, almost completely blocked the fenofibrate-induced survival effect, as well as VEGF mRNA expression. These results suggest that fenofibrate prevents apoptotic cell death induced by serum deprivation through PPARa-independent, but AMPK-dependent pathway resulting in a novel therapeutic property that may control unwanted cell death found in diabetic retinopathy. 40, 41 The trial data do not clarify which mechanism is important clinically. In particular the FIELD study suggested that it may be independent of lipid lowering as there was no difference in the lipid levels of those requiring laser or not, although this was in contrast to the ACCORD Eye data that did show a difference in triglyceride levels.
Conclusion
A systematic review of the literature as recent as 2007 42 concluded that evidence was insufficient for the efficacy or safety of medical interventions including lipid-lowering therapy and antivascular endothelial growth factors on the incidence or progression of DR, but recent trials are changing these negative conclusions. Indeed trial planners are now faced with reducing numbers of retinopathy endpoints because of better overall medical management. The therapeutic approach of all ophthalmologists, diabetologists, and general practitioners seeing patients with diabetic retinopathy should be that good control of blood glucose, blood pressure, and plasma lipids are all essential components of modern medical management. Patients should be given appropriate advice not only at the time of diagnosis of diabetes, but also as soon as retinopathy is first diagnosed. Better outcomes follow good glycaemic control early in the course of the diabetes, 43 but it is rarely too late to show benefit from improved control. Care should be taken to avoid over-zealous glycaemic and blood pressure control in older patients and in those with established cardiovascular disease.
Fibrates would seem to have an important beneficial effect on diabetic retinopathy (Table 3) . A specific study of fenofibrate in a small diabetic maculopathy trial with primary OCT endpoints is underway. In the meantime clinicians must appraise the two randomised controlled trials of fenofibrate and be aware of the safety and considerable potential benefit of this simple treatment as a secondary prevention strategy. 44 We believe fenofibrate is effective in preventing progression of established diabetic retinopathy in type 2 diabetes and adoption of fenofibrate will have widespread prescription and cost implications as about 40% of diabetic patients have retinopathy. The cost of fenofibrate is relatively low considering the impressive NNT in clinical trials, and in the United Kingdom varies between Bd7 and d22 per 28 days depending on the dose and preparation. In our clinical practice, we recommend and use fenofibrate for patients with pre-proliferative diabetic retinopathy and/or diabetic maculopathy, particularly in patients with macular oedema requiring laser. Experience has also suggested that fenofibrate should be used when there is early diabetic retinopathy in the only or best eye, and in those with maculopathy with poor or limited response to laser therapy or where laser therapy cannot be undertaken with lesions too close to the fovea. Optimising the medical management of diabetic retinopathy should address the control of glycaemia, blood pressure, and lipids, and based on recent trials, specific therapies using fenofibrate with a statin and candesartan should be considered (Table 4) .
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